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Abstract
We report here information obtainedfrom a
cross-sectional study of 401 veterans, who
were at least 60 years of age, which showed
that several dental/oral conditions can be
significantly associated with the diagnosis of
a cerebral vascular accident (CVA), when in-
cluded in a multivariate logistic regression
model with and without many of the known
risk factors for a CVA. The dental findings
relative to the prevalence ofdental caries and
periodontal disease were not distinctly differ-
ent between the subjects with and without a
CVA in the bivariate analysis. A higher stim-
ulated salivary flow was negatively associ-
ated with a CVA in the multivariate models.
The plaque index and oral hygiene habits re-
lating to brushing, flossing, and frequency of
having teeth cleaned by a dentist/hygienist
were significantly associated with a CVA in
the bivariate analysis. Among these oral hy-
giene parameters, "needing help in brushing
one's teeth" and the reported annual visit to
the dentist/hygienist for teeth cleaning re-
mained significant in the multivariate models
involving the dependent-living subjects. The
need for help in brushing one's teeth could
reflect the fact that many subjects had re-
duced manual dexterity as a result of the
CVA and required this extra care. However,
the finding that those dependent-living indi-
viduals who reported that they did not have
their teeth cleaned at least once a year were
4.76 times more likely to have had a CVA,
suggests that a pattern of oral neglect might
be associated with developing a CVA. The im-
plications of this in terms of an intervention
strategy for CVA warrants further consider-
ation. However, caution is recommended be-
cause the data were obtained from a
convenience sampling of older veterans and
may not be generalizable to other popula-
tions. Ann Periodontol 1998;3:161-174.
Key Words: Cerebrovascular diseases/ep-
idemiology; oral hygiene; periodontal dis-
eases/complications; elderly; veterans.
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INTRODUCTION
The role of a preceding febrile infection,
mostly bacterial infections of the respiratory
tract, as a risk factor for ischemic brain in-
farction or stroke was demonstrated by Syr-
janen et al. by using a case-control design.1
Subsequently, in a subset of the same sub-
jects, dental infections, primarily periodon-
tal disease, could also be associated with a
cerebral vascular accident (CVA).2 The link-
ing of dental infections with a CVA is novel,
as the only connection previously had been
the indirect one in which dental infections,
and treatment of such, had been associated
with bacterial endocarditis,3 and patients
with endocarditis have a 20% chance of de-
veloping a CVA during the course of their ill-
ness.4 However, in this linkage of dental
disease with a CVA, the confounding effect
of the respiratory tract infections was not ac-
counted for, so that it is possible that the
importance of chronic dental infections
might disappear if other febrile infections
had been included in the analysis. There is
suggestive evidence of a relationship be-
tween dental infections and respiratory tract
infections that could undermine the direct
importance of the dental infections. For ex-
ample, extraction of third molars may pre-
dispose a person to respiratory tract infec-
tions,5 and periodontal disease has been
suggested as the source of some of the sali-
vary bacteria that, after aspiration, can be
cultured from lung abscesses.6 7 In a recent
case-control study in which dental, respira-
tory, and ear, nose and throat infections
were evaluated in age-adjusted multiple lo-
gistic regression analysis, poor dental status
was independently associated with cerebral
vascular ischemia.8
This finding that dental disease was as-
sociated with CVA after adjusting for other
chronic infections lends credence to other
studies in which the effect of chronic infec-
tions was not accounted for. In a prospective
study of United States veterans participating
in a longitudinal aging study, the presence
of alveolar bone loss was associated with the
subsequent diagnosis of a stroke.9 Individ-
uals with "high" bone loss were 2.8 times
more likely to develop a stroke than individ-
uals with "low" bone loss, even when such
known risk factors for stroke such as age,
smoking, non-insulin-dependent diabetes,
diastolic blood pressure, family history of
stroke, and education were included in the
multivariate analysis. Other studies have
shown a connection between dental disease
and coronary heart disease via mechanisms
that can be applied to explain the associa-
tion between dental disease and a CVA.915
Thus, the presence of a contained infection
and inflammatory response in the periodon-
tium which sends inflammatory cytokines,
lipopolysaccharides (LPS), and even bacteria
into the systemic circulation provides suffi-
cient mechanisms by which dental disease,
especially periodontal disease, could be ca-
pable of contributing to the onset of a CVA.
We have been recording a large number of
oral/dental variables in a group of elderly
veterans to study the relationship between
oral/dental health and systemic diseases
among older individuals.1617 We report here
information obtained from a cross-sectional
study of older U.S. veterans which shows
that several dental/oral conditions can be
significantly associated with the diagnosis of
a CVA, when included in a multivariate lo-
gistic regression model along with and with-




A convenience sample of 401 veterans,
who were at least 60 years of age, was re-
cruited from the dental outpatient clinic of
the Ann Arbor Veterans Administration (VA)
Hospital (n=206), from a long-term care fa-
cility associated with the hospital (n=114),
and from an acute care ward (n=81) where
some had been recently admitted because of
swallowing difficulties. There were no age,
gender, racial, or educational differences
among the subjects entered from the inde-
pendent-living, dental outpatient clinic, and
the 2 dependent-living locations, which led
us to initially combine all the subjects in a
single group for statistical analysis. The
long-term care and acute care subjects had
significantly more edentulism compared to
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the outpatients and a higher reported his-
tory of stroke.16 Because of this, a separate
variable indicating whether the participant
entered from an independent or dependent
nursing home or acute care ward was in-
cluded in the multivariate analysis to ac-
count for any confounders that might be
introduced as a result of entry site.
Dental and Medical Health
Questionnaire
A structured questionnaire was adminis-
tered by trained interviewers to the partici-
pants to elicit information about demo-
graphic characteristics, medical and dental
history, dietary preferences, dry mouth com-
plaints, and use of medications, among
other parameters.16 At the conclusion of the
questionnaire, the interviewer scored each
participant on a scale of 1 to 5 for the degree
of comprehension and cooperation in an-
swering the questionnaire. This score was
included in the multivariate models as a
means of adjusting for any reduced mental
awareness of the subjects who entered from
the dependent-living situations.
Dental Variables
The number of teeth and the number of
restorations and decay on all tooth surfaces
were determined by a clinical examination.
The presence and type of dentures and other
prosthetic devices were recorded. The sub-
jects were stratified into a low tooth number
group, i.e., those subjects with 1 to 14 teeth,
and a high tooth number group, i.e., those
with 15 to 28 teeth. This partition was
guided by the fact that subjects with 1 to 14
teeth could be wearing a full denture,
whereas it would be impossible to wear a full
denture if 15 to 28 teeth were present. Third
molars, which were rarely present in these
older subjects, were omitted from all analy-
sis. Periodontal probing depths, attachment
levels, and gingival recession around all
teeth were measured with an automated
pressure-sensitive periodontal probe'" and
Sllnterprobe, The Dental Probe, Inc., Richmond, VA.
recorded electronically. Oral hygiene was as-
sessed by the plaque index (PI),18 and gingi-
vitis with the papillary bleeding score
(PBS).1819 The average PI and PBS for each
subject was determined by summing the Pis
and PBSs of the individual teeth, and then
dividing by the number of teeth. These av-
erage Pis and PBSs for the whole mouth
were then used in the statistical analysis.
The subjects were also asked how often they
brushed and flossed their teeth, if they
needed help in brushing their teeth and den-
tures, and how often they visited their den-
tist/hygienist to have their teeth cleaned.
Salivary and Swallowing Variables
Salivary flow was stimulated by applying
citric acid to the tongue and collecting the
subsequent saliva.16 The amount of saliva
collected in 3 or 5 minutes was measured
gravimetrically, and its pH and bacterial
composition were determined.20 The resting
salivary flow was estimated from the amount
of mucosal wetness,* using filter papers ap-
plied to the inside lip, cheek, and palate.21
The presence of a complaint of xerostomia
was elicited by asking multiple questions
concerning dryness.22 The number of medi-
cations used by the subjects was obtained
by interview and from examination of a com-
puterized record of medications maintained
by the Department of Veterans Affairs. The
answers to questions relating to difficulty in
swallowing, as well as a history of dyspha-
gia, were obtained from the interview. Ques-
tions were also asked concerning difficulty
in chewing, and the subject's eating prefer-
ences, food avoidances, and whether den-
tures were worn only during eating.1617
Medical Variables
The presence of CVA was ascertained from
the patient during the interview and by a
thorough examination of the patient's med-
ical record. In this report, CVA had to be a
medically established diagnosis in the pa-
tient's medical record, which was based
upon brain lesions demonstrable by C-
#Periotron, ORAFLOW, Inc., Plainview, NY.
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scans, and physical and neurological exam-
inations that established the extent of the
physical impairment. Systolic and diastolic
blood pressures and blood cholesterol val-
ues were obtained from the medical records.
The patient's weight and height were ob-
tained during the dental examination and
used to calculate the body mass index (BMI).
The patient's cognitive status was estimated
at the end of the interview on a 5-point scale,
ranging from excellent to very poor, by the
interviewer.
Statistical Methods
Summary statistics are presented as
means ± standard deviations and frequen-
cies with percentages as appropriate. Statis-
tical tests consisted of chi-square analyses
for categorical data. After extensive investi-
gation of transformation of the continuous
measures, it was concluded that normality
was not obtainable, so non-parametric WI1-
coxon rank sum or Kruskal-Wallis tests were
used. Based on these initial analyses, can-
didate predictor (P < 0.25) variables were
entered into multiple logistic analyses until
a "best" model was derived. Two full models
were developed: one that included all sub-
jects but excluded the tooth variables, i.e.,
the "all subjects" model; and one that was
restricted to the dentate subjects but in-
cluded the dental variables, i.e., the "dentate
subjects" model. In the "all subjects" model,
we would be able to observe the effect of var-
iables such as salivary flow and swallowing
independent of the tooth-related variables,
whereas in the "dentate subjects" model any
effect of being edentulous and wearing den-
tures would not be considered. These mod-
els consisted of predictors with dental rele-
vance and/or statistical significance, as well
as many of the recognized risk factors for
CVA, i.e., diabetes, smoking history, cur-
rent use of alcohol, age, BMI, blood pres-
sure, and serum cholesterol levels. Based
on analyses of these full models, candidate
predictor variables (P < 0.25 in the full
model) were entered into reduced models
until a model was obtained that combined
the highest likelihood ratio with the fewest
degrees of freedom. In this reduced model,
the non-significant variables were then
added back, one at a time, to the model con-
taining the significant variables to deter-
mine their individual effect on the model.
RESULTS
The 401 subjects were recruited from 3 lo-
cations within the VA hospital, 2 of which
were dependent-living groups chosen to in-
crease the number of patients with a diag-
nosis of a CVA. Thus, while 16% of the
dental outpatient group had a medical di-
agnosis of a CVA, more than twice as many,
or 38% of the nursing home residents and
40% of the acute care patients, had a CVA.
There were no differences between the sub-
jects from the various entry sites in terms of
average age (67.8 to 70 years), gender (92%
to 100% male), race (81% to 94% white), ed-
ucation, place of residence, or economic
status, which led us initially to combine all
subjects into a single convenience sample to
determine the relationship between dental
status and CVA.
Twenty-two percent (22%) of the dentate
subjects and 30% of the edentulous subjects
had been diagnosed with a CVA, giving an
overall prevalence of 26.7% among our study
population. This stratification of subjects,
based upon the presence of teeth, was not
associated with any difference between sub-
jects with and without a diagnosis of CVA in
terms of age, or many of the recognized risk
factors for CVA, such as smoking history, al-
cohol consumption, serum cholesterol lev-
els, or blood pressure (Table 1). Subjects
with a CVA had a lower body mass index
(BMI), were taking more medications, and
tended to have less schooling. Although
there were only 31 African-Americans in the
study, they were significantly more likely to
have a diagnosis of a CVA. The edentulous
subjects, compared to the dentate subjects,
Were more likely to be current smokers, but
being a current smoker could not be asso-
ciated with a CVA (Table 1).
The stimulated salivary flow was signifi-
cantly reduced in both the dentate and
edentulous subjects with a CVA compared to
subjects without a CVA, whereas the resting
saliva tended to be higher in the subjects
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Table 1. Distribution of demographic characteristics and recognized risk factors for cerebral vascular accident (CVA)
in older U.S. veterans
Dentate Subjects Edentulous Subjects All Subjects
CVA Status CVA Status CVA Status
No Yes No Yes No Yes
Risk Factors/Indicators n=188 n=61 n=106 n=46 n=294 n=107






< 8 years 17.9% 28.3%
9-12 years 48.4% 48.3%









Number of medications 6.9 (4.1) 9.0 (4.5)*
Body mass index 26.9 (5.2) 26.2 (5.3)
Blood pressure
Systolic 143(21) 135 (23)
Diastolic 74(11) 73(11)





































































'Standard deviation in parentheses.
*Chi-square or Fisher's exact test.
 Values are significantly different from corresponding "No" value, with P < 0.05, Wilcoxon test.
Table 2. Distribution of salivary and swallowing variables in subjects with and without a cerebral vascular accident (CVA)
Dentate Subjects Edentulous Subjects All Subjects
CVA Status CVA Status CVA Status
No Yes No Yes No Yes













6.5 (0.7)* 6.5 (0.8)
2.8 (1.2) 3.1 (1.4)
















6.4 (0.9) 6.5 (0.8)
2.8(1.2) 3.0(1.4)







'Standard deviation in parentheses.
*"Yes" values are significantly different from corresponding "No" value, with P < 0.05, Wilcoxon test.
*"Yes" values are significantly different from corresponding "No" value, P < 0.05, chi-square or Fisher exact test.
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No (n = 188) Yes (n = 61) Significance







% of teeth with:
Probing depth < 3 mm 58% (25)
Probing depth 4-6 mm 35% (21)
Probing depth > 6 mm 7% (14)
Attachment loss < 3 mm 38% (27)
Attachment loss 4-6 mm 50% (23)

























*Average, with standard deviation in parentheses.
tDifference between groups is significant, Wilcoxon, P < 0.05.
with a CVA (Table 2). Most subjects com-
plained of dryness at some time during the
day, but the complaint could not be related
to the presence of a CVA or teeth. However,
the subjects with a CVA were more likely to
complain of dryness while eating, possibly
reflecting their reduced stimulated salivary
flow. Subjects with CVA were more likely to
report a history of dysphagia and tended, es-
pecially among the edentulous subjects, to
report more difficulties in swallowing than
the non-CVA subjects. Dentate subjects
with a CVA were significantly more likely to
report some difficulty in chewing foods. Sub-
jects with a CVA were more likely to avoid
certain foods, i.e., crunchy and chewy foods.
We examined in more detail the tooth-
related parameters in the dentate subjects
with and without a CVA. The dentate sub-
jects with a CVA tended to have fewer teeth
and fewer restored teeth than the dentate
subjects without a CVA (Table 3). Because of
the many missing teeth in our subjects, the
prevalence of decay and periodontal morbid-
ity were calculated as a percentage of the in-
volved teeth in each subject. There was no
difference in the percentage of teeth with de-
cay in subjects with and without a CVA (data
not shown). About 50% of the subjects with
and without a CVA wore a denture of some
type. The percentage of teeth with probing
depths and attachment loss < 4 mm, and 4
to 6 mm, did not differ between the subjects
with and without a CVA, but 21% of the
teeth in the subjects with a CVA had attach-
ment loss > 6 mm compared to 12% of the
teeth in subjects without a CVA (P = 0.028)
(Table 3).
About 70% of the dentate subjects had
poor oral hygiene, as judged by the presence
of visible plaque, i.e., a whole-mouth average
PI > 1. However, the 84% prevalence of vis-
ible plaque among the CVA subjects was sig-
nificantly higher than the 61% among
subjects without a CVA (Table 4). The sub-
jects with a CVA also had a significantly
higher proportion of bleeding gingivitis, i.e.,
27% with a whole-mouth average papillary
bleeding score (PBS) > 2 compared to 13%
in the subjects without a CVA. Ninety-six
percent (96%) of the non-CVA subjects re-
ported brushing their teeth daily, which was
significantly higher than the 84% prevalence
reported by the CVA subjects. Thirty-five
percent (35%) of the non-CVA subjects re-
ported that they flossed their teeth daily
compared to 18% of the CVA subjects. Not
surprisingly, significantly more CVA sub-
jects needed help in brushing their teeth.
Fifty-seven percent (57%) of the CVA
patients reported having their teeth cleaned
at least yearly, which was significantly less
than the 80% frequency reported by the
non-CVA subjects (Table 4).
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Table 4. Oral hygiene parameters and habits in older dentate veterans with and without
a cerebral vascular accident (CVA)
Dental Parameter
Cerebral Vascular Accident
No (n = 188) Yes (n = 61) Significance
Plaque index
% of subjects < 1 39%
% of subjects > 1 61%
Papillary bleeding score
% of subjects < 2 87%
% of subjects > 2 13%
Brush daily 96%
Floss daily 35%
Need help brushing 3%















'Difference between groups is significant, chi-square or Fisher's exact test.
Table 5. Relationship between dental/orai parameters and cerebral vascular accident
(logistic regression analysis-reduced models*)
All Subjects
All (n=380)t Dentate (n=232)
LR = 71.5 7 DF
P = 0.0001















Attachment > 6 mm
Probing depth > 6 mm








































LR = likelihood ratio.
DF = degrees of freedom.
*Age, smoking history, cholesterol levels, BMI, diabetes, and number of medications were not
significant in full model or when added back to reduced model.
 Number of subjects is in parentheses.
*CI is confidence interval.
^Values are significant at P < 0.05.
All variables that had a bivariate signifi-
cance of P = 0.25, or were known risk fac-
tors/indicators for CVA, were placed into
logistic regression models. Two general mod-
els were evaluated: one that included all
subjects but omitted the tooth-related vari-
ables (All subjects in Table 5), and one that
included only the dentate subjects but with
all the variables (Dentate subjects in Table
5). Also, because some of the parameters as-
sociated with a CVA in the bivariate analy-
ses, such as number of medications taken
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Table 6. Relationship between dental/oral parameters and cerebral vascular accident (logistic regression analysis-
reduced models*)
Independent Subjects Dependent Subjects
All (n= 201)+ Dentate (n=152) All (n= 177) Dentate (n=79)
LR = 8.2 8 DF LR = 1.7 4 DF LR = 32.09 8 DF LR = 26.35 5 DF



















































LR = likelihood ratio.
DF = degrees of freedom.
*Age, smoking history, cholesterol levels, BMI, diabetes, and number of medications were not significant in full model or when added
back to reduced model.
+Number of subjects in parentheses.
+OR is odds ratio; Cl is confidence interval.
§Values are significant at P < 0.05.
and the various oral hygiene parameters
(i.e., needs help brushing, higher PI scores
and papillary bleeding scores) could be a
function of the dependent-living status, a
separate variable for dependent living was
added to the model. The inclusion of this
variable was also supported by the finding
that 9% of the nursing home subjects and
19% of the acute care subjects were judged
to have poor comprehension of the question-
naire. In this regard, a second variable re-
lated to the interviewer's evaluation of the
participants' response to the questionnaire
was added to the model; but because it cor-
related with the variable for dependent-
living status, it was dropped from the final
models.
In the "all subjects" model, the only rec-
ognized risk factor for a CVA that was sig-
nificant in the reduced model was the daily
consumption of alcohol-containing bever-
ages (OR = 2.25, Table 5). Variables such as
smoking history, blood cholesterol levels,
BMI, and age were not significant either in
the full model or when individually added
back to the reduced model. A dependent-liv-
ing status and being African-American were
significantly associated with a CVA. In-
creased levels of stimulated saliva were neg-
atively associated with a CVA, whereas a
need by the subjects to have someone help
them in brushing their teeth was positively
associated with a CVA (Table 5).
In the "dentate subjects" model, increased
levels of stimulated saliva and a dependent-
living status remained significant, but the
daily use of alcoholic beverages was no
longer significant and was excluded from the
model shown in Table 5. The dependent-liv-
ing status remained significant, but being
African-American was not significant. The
presence of 15 to 28 teeth and an increased
proportion of teeth with attachment loss > 6
mm were significantly related to a CVA (Ta-
ble 5). There was a tendency for the CVA
subjects to have higher Pis and to not have
an annual teeth cleaning visit with the den-
tist/hygienist.
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Table 7. Distribution of potential dental and oral hygiene risk indicators in subjects
with 15 to 28 teeth with and without a cerebral vascular accident (CVA)
Cerebral Vascular Accident
No (n = 129) Yes (n = 42) Significance
Number of teeth
% decayed
% probing depth > 4 mm
% attachment loss > 4 mm













































'Average, with standard deviation in parentheses.
*Value is significantly different, Wilcoxon test.
 Distribution is significantly different, chi-square.
The importance of dependent-living status
in these models caused us to reanalyze the
variables by using a separate model for the
independent- and dependent-living sub-
jects. None of the examined variables was
found to be significant in the models exam-
ining the independent-living subjects (Table
6). In the "all subjects dependent living"
model, the daily consumption of alcoholic
beverages, being African-American, and
needing help brushing one's teeth were pos-
itively associated with a CVA, whereas an in-
creased flow of stimulated saliva was
negatively associated or protective of a CVA.
In the "dentate dependent living" model, the
presence of 15 to 28 teeth, a higher propor-
tion of teeth with attachment loss > 6 mm,
and a need by the subjects to have someone
help them with brushing their teeth were
significantly associated with a CVA. An in-
creased flow of stimulated saliva and an in-
creased reported frequency of an annual
visit to the dentist/hygienist to have their
teeth cleaned were significantly negatively
associated with a CVA (Table 6).
The finding in the "dentate dependent liv-
ing" subjects that individuals with 15 to 28
teeth were 3.8 times more likely to be in the
CVA group suggested that those subjects
with 15 to 28 teeth and a CVA might have
more dental disease relative to those sub-
jects with 15 to 28 teeth and no CVA. How-
ever, except for a greater percentage of teeth
with decay, there were no other differences
in dental disease between the 2 groups (Ta-
ble 7). When we examined the oral hygiene
parameters and habits, the CVA subjects
had a significantly higher percentage with a
PI >1. Significantly fewer CVA subjects re-
ported brushing their teeth daily and seeing
their dentist/hygienist at least yearly for
cleaning of their teeth (Table 7).
DISCUSSION
This cross-sectional study of dental/oral
variables in a convenience sample of elderly
veterans with or without a diagnosis of CVA
confirmed previous studies that showed a
significant association between certain as-
pects of dental disease and a CVA.2 8 9 It ex-
tended these studies by showing that oral
variables such as stimulated salivary flow,
many teeth, and certain oral hygiene habits
or practices could be associated with a CVA.
However, some caution in interpreting the
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data is necessary since our documentation
of oral/dental and medical parameters was
after the CVA event and certain findings,
such as the need for help in brushing one's
teeth, could be a result of the CVA. Also, be-
cause the data are obtained from survivors,
it is possible that our findings would not ap-
ply to those individuals who had succumbed
to stroke. For example, it may be that those
who succumbed to stroke had fewer teeth,
and that many teeth (i.e., 15 to 28) found by
us to be a potential risk factor/indicator
could, in reality, be a protective factor, oc-
curring primarily in those individuals who
had survived.
The prevalence of a CVA in our subjects,
i.e., 27%, was high because of our selection
of older individuals, especially those living in
a nursing home (38% prevalence) and those
recently admitted with a swallowing disorder
to an acute care ward (40% prevalence). The
presence of these subjects in a dependent-
living situation led us to include living status
as an independent variable in our models.
While certain variables such as "needs help
in brushing teeth," amount of stimulated sa-
liva, having 15 to 28 teeth, and a high pro-
portion of teeth with attachment loss > 6
mm were independent variables that were
significantly associated with a CVA in the
"all subjects" model (Table 5), they were
found to be characteristics primarily of the
subjects recruited from a dependent-living
situation. Thus, while there was a tendency
for these variables to be associated with a
CVA in the model confined to the indepen-
dent-living subjects, they were each signifi-
cantly associated with a CVA in the model
confined to the dependent-living subjects
(Table 6). In addition, those dependent-living
subjects who reported having their teeth
cleaned at least once a year were almost 5
times (OR = 1.0/0.21 = 4.76) less likely to
have a CVA than those subjects who did not
report such an annual cleaning. This possi-
ble benefit of an annual cleaning was sug-
gested in the "all subjects" model, but was
not significant (Table 5).
The convenience nature of our study pop-
ulation, their advanced age, and the fact
that they were receiving treatment for car-
diovascular condition(s) probably explains
why so few of the recognized risk factors for
a CVA, i.e., age, BMI, blood pressure, cho-
lesterol level, diabetes, and smoking, were
not identified in the logistic modeling pro-
cedure. Insulin-dependent diabetes and the
number of medications, or number of xero-
genic medications, taken by the subject
could be associated with a CVA in models
that did not include the dependent-living
variable, suggesting that they were surro-
gate markers for the dependent-living status
of the participants. The daily consumption of
alcoholic beverages was the only recognized
risk factor that could be associated with a
CVA and then only in the "all subjects" and
"all dependent" subjects models. It was not
a factor in the various dentate models (Ta-
bles 5 and 6). One drink per day has been
shown to protect against a myocardial in-
farction, while 3 or more drinks per day is
detrimental.23 Our questionnaire did not as-
certain how many alcoholic drinks were con-
sumed daily, so we cannot associate the
amount of daily alcohol consumption with
the likelihood of a CVA.
Only 8% of the subjects were African-
American, so it was unexpected that being
African-American was a significant factor in
having a CVA. This could reflect the conve-
nience nature of our study group, since the
Ann Arbor VA Hospital is the regional center
for cardiovascular disease in the southeast
area of Michigan. Individuals with a CVA
would be referred from the Detroit area VA
hospitals that have a large African-American
clientele to the Ann Arbor Hospital, thereby
enriching the African-American presence
among our CVA subjects.
A higher stimulated salivary flow was neg-
atively associated with a CVA in both the "all
subjects" and "dependent subjects" models.
This could indicate that a high rate of stim-
ulated salivary flow was protective. But it
could also be attributed to the observation
in the bivariate analysis that the CVA sub-
jects were taking a higher number of medi-
cations, some of them xerogenic, than were
the non-CVA subjects, and these medica-
tions could reduce salivary flow24 (Table 1).
The number of medications, or the number
of xerogenic medications, was positively as-
sociated with a CVA in models that did not
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include the dependent-living status variable.
These medication variables were most likely
a function of the dependent-living status of
the patient, and because they became non-
significant in models containing living
status, they were dropped from the final
models shown in Tables 5 and 6.
The dental findings relative to the preva-
lence of dental caries and periodontal dis-
ease were not distinctly different between
the subjects with and without a CVA (Table
3). The only difference noted in the bivariate
analysis—a significantly higher proportion
of teeth with attachment loss > 6 mm in the
subjects with a CVA (Table 3)—was also ob-
served in the logistic models (Tables 5 and
6). While it was significant, the OR was only
1.02 to 1.04, indicating that it was at best
making a minor contribution to the devel-
opment of a CVA. This observation, however,
supports the finding from a prospective
study involving younger U.S. veterans,
which showed that subjects with high levels
of alveolar bone loss were 2.8 times more
likely to develop a CVA than individuals with
low levels of bone loss.9 It is also consistent
with a case-control study involving insulin-
dependent diabetics in which the cases at
baseline had severe Periodontitis, while the
controls had a mild periodontal condition.25
Eight of 39 cases and 0 of 39 controls de-
veloped a stroke in the subsequent follow-up
period, even though the level of diabetic con-
trol was comparable in the cases and con-
trols. These data, especially the prospective
studies, indicate a role for periodontal dis-
ease in the development of a CVA.
The most intriguing of the dental variables
in the logistic regression models was that if
the subjects had 15 to 28 teeth, they were
3.29 times more likely to have a CVA in the
"all dentate" subject model (Table 5), and
3.79 times more likely to have a CVA in the
"dentate dependent living" subjects model
(Table 6). One could surmise that people of
this age who have retained this many teeth,
i.e., 22 teeth in the subjects without a CVA
and 21.2 teeth in the subjects with a CVA,
would have relatively better oral health than
the subjects with only 1 to 14 teeth. This in-
deed had been found in a previous investi-
gation in this group of subjects, where the
logistic regression modeling procedure
showed that having 15 to 28 teeth was a po-
tential protective factor for coronary heart
disease, primarily because of the better den-
tal health of the subjects with 15 to 28 teeth
compared to those with 1 to 14 teeth.26
Thus, it was unexpected to find that having
15 to 28 teeth was positively associated with
a CVA. There was evidence that individuals
with a CVA and 15 to 28 teeth had higher
Pis, and were less likely to report brushing
or flossing their teeth daily and not having
their teeth cleaned on an annual basis, com-
pared to those individuals without a CVA
who also had 15 to 28 teeth (Table 7).
Among the oral hygiene parameters,
"needing help in brushing one's teeth" and
the reported annual visit to the dentist/hy-
gienist for teeth cleaning reappeared as sig-
nificant in the multivariate models (Tables 5
and 6). Because both of these variables were
most important in the dependent-living sub-
jects and involved others in the delivery of
oral hygiene, the possibility exists that these
variables represented a post-CVA condition.
As noted previously, the need for help in
brushing one's teeth could simply reflect the
fact that many of the subjects with a CVA
had reduced manual dexterity as a result of
the CVA and required this extra care. How-
ever, this argument would not hold for the
annual tooth cleaning, because those indi-
viduals who did receive an annual tooth
cleaning, or extra care, were the ones who
did not have a CVA.
The potential protective role of seeing the
dentist at least once a year for teeth cleaning
was elicited by the question: "How often do
you have your teeth cleaned by a dentist or
hygienist?" This question was intended to
record a prior, if not lifetime, pattern of den-
tal utilization. Thus, the finding that depen-
dent dentate subjects who reported they did
not have their teeth cleaned at least once a
year were 4.76 times more likely to have had
a CVA, suggests that a pattern of oral neglect
might be associated with developing a CVA.
If this is so, then intervention in the form of
dental treatment or the promotion of dental
health could have benefits in preventing or
delaying the onset of a CVA, possibly by
reducing the bacterial load on the teeth.
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All of the significant associations found in
the reduced dentate model (Table 6) could
lead to an increased accumulation of bacte-
rial numbers on the tooth surfaces. A reduc-
tion in salivary flow could reduce the
numbers of bacteria that are washed off the
teeth by the saliva. Needing help in brushing
implies that the level of oral hygiene prac-
ticed by the subject, even with help, could
be deficient. The increased number of teeth
and the increased percentage of teeth with
attachment loss > 6 mm would increase the
surface area upon which plaque could ac-
cumulate. This, coupled with the history of
not having their teeth cleaned on a regular
basis, suggests that a pattern of oral neglect,
by promoting bacterial overgrowth on the
dentogingival surfaces, could have predis-
posed a subject to CVA by mechanisms sim-
ilar to those that have been proposed for the
connection between dental disease and cor-
onary heart disease9 15 and briefly described
below.
Dentogingival surfaces in humans may be
colonized by more than 1010 bacteria.14 A
minuscule proportion of these bacteria gain
access to the underlying tissues where they
are quickly dispatched via the defensin sys-
tem,27 an immune response,28 and if they are
anaerobes, by the high tissue oxidation-
reduction potential and p02 levels,14 all of
which could result in a tissue-destroying in-
flammatory response.29 However, with poor
oral hygiene, gingivitis, and gingival reces-
sion, the numbers of bacteria on the tooth
surfaces could increase 2- to 10-fold. Indi-
viduals with a whole-mouth PI > 1 would
have visible plaque accumulation around
most of their teeth; and if there were more
than 20 teeth per mouth, this could amount
to more than 20 mg of plaque wet weight, or
2 X 109 bacteria per dentition. (Visible
plaque on a tooth weighs about 1 mg and
there are more than 108 bacteria per mg of
plaque.) If this plaque is associated with
bleeding gingivitis, i.e., a PBS > 1, then it is
more likely that some of these bacteria, most
likely Gram-negative, lipopolysaccharide
(LPS)-containing anaerobes,3031 would pen-
etrate the gingival tissue and challenge the
varied host defense mechanisms. Such
chronic and persistent encounters with
these LPS-containing invaders, while over-
whelmingly successful on the part of the
host relative to overt infections and septice-
mia, may appear in the systemic circulation
as asymptomatic bacteremias,14-32-33 as an
elevation of white blood cells (WBCs),34 as in-
creases in serum cytokine levels,35 and/or as
alterations in serum components of the clot-
ting mechanisms.36
The incidence of bacteremia following
something as routine as tooth brushing can
be as high as 68% if there is underlying gin-
givitis.33 There is potential for a similar type
of bacteremia to be present in our depen-
dent-living subjects with plaque accumula-
tions and gingivitis, and the extent of the
bacterial challenge would increase with the
number of teeth present. If these bactere-
mias occur frequently from the dentogingival
surfaces in patients with poor oral hygiene
and/or periodontal disease, then one would
expect to see some blood-related changes in
these individuals. In this regard, periodon-
tal patients, relative to age- and gender-
matched periodontally healthy controls, ex-
hibited a significant increase in blood levels
of fibrinogen and had significantly higher
levels of WBCs,34 both of which have been
described as independent risk factors for
cardiovascular disease.36-37 This sequence of
events could explain how poor oral hygiene
habits and dental disease could place an in-
dividual at risk for serious cardiovascular
consequences.
It thus becomes important to establish in
prospective studies whether poor dental
health or poor dental hygiene is a valid risk
factor for a CVA, because dental health is a
modifiable risk factor. Our results suggest
that something as simple as annual teeth
cleanings may be protective in an older,
male population of U.S. veterans. The design
of our cross-sectional study can only pro-
pose this possibility and provides no infor-
mation as to whether these findings can be
generalized to other populations.
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